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Specification 
Title of the Invention 
Multiplexing Method and Apparatus, Demultiplexing Method 
and Apparatus, and Access Network System 

5 

Rankaround o f the Invention 

The present invention relates to a 
multiplexing method and apparatus, demultiplexing method 
and apparatus, access network system, subscriber 

10 multiplexing/demultiplexing apparatus, and protocol 

termination apparatus, which multiplex PPP packets on 
the basis of MAC addresses and the like, demultiplex the 
packets on the basis of IP addresses, and simplify an 
arrangement required for PPP processing by using these 

15 multiplexing and demultiplexing processes. 

Conventionally, in the Internet, prior to data 
communication upon forming a communication path between 
two terminals connected to the Internet, the terminals 
must be connected to a backbone network through an 

20 access network. For this connection, the Point- to-Point 
Protocol (PPP) is used. 

An outline of PPP in an access network will be 
described first. 

In connection to the Internet, each subscriber 

25 must terminate PPP for transferring an IP (Internet 
Protocol) packet in response to an Internet access 
request. PPP serves to perform authentication, 

- 1 - 



accounting, service management system (SMS) operation, 
subscriber- specific band allocation, and the like. Any 
subscriber who is not authenticated/registered cannot 
form a link itself, and hence can neither transfer data 
nor receive an IP address itself. Accounting 
corresponds to a connection time. 

PPP is also used in an Internet backbone 
network. Unlike PPP used in the access network, this 
PPP serves to, for example, determine a maximum packet 
length: MTU (Maximum Transfer Unit) size of packets to 
be exchanged between the backbone network and the access 
network. 

In order to transmit IP data to the backbone 
network through the access network connected to the 
backbone network, PPP termination must be performed in 
each access network. Conventionally, PPP termination is 
performed at an entrance to an ISP (Internet Service 
Provider). PPP termination itself has been handled in 
the conventional access network systems by installing 
dedicated units (Fig. 19). 

The conventional access network system shown 
in Fig. 19 is comprised of an ATU (Address 
Transformation Unit)-R 201, DSLAM (Digital Subscriber 
Line Access Multiplexer) 30m, ATM SW (Asynchronous 
Transfer Mode Switch) 40n, and PPP termination apparatus 
501. A PC (Personal Computer) 10k is connected to the 
ATU-R 201. Note that 1 of 201 suffixed to ATU-R 



indicates that there are 1 to P ATU-Rs, m of 30m 
suffixed to DSLAM indicates that there are 1 to Q DSLAMs, 
and n of 4 On suffixed to ATM SW indicates that there are 
1 to R ATM SWs. Reference numeral 4101 denotes an ADSL 
5 (Asynchronous Digital Subscriber Line) /VDSL (Very high 
speed Digital Subscriber Line); 5101, an ATM OC-3c 
interface; and 6101, an ATM OC-12c interface. 

PPP is a protocol for supporting data transfer 
using a multiprotocol through a communication path 
10 between the ATU-R 201 and PPP termination apparatus 501 
of the access network system. When PPP processing 
starts, an LCP (Link Control Protocol) packet of the PPP 
control packets shown in Fig. 22 is transmitted as a PPP 
packet transmitted from the ATU-R 201 to the PPP 
15 termination apparatus 501. Whether a given packet is an 
LCP packet is determined depending on whether the value 
in the protocol field in the PPP packet is c021. A link 
is established on the basis of this LCP packet. A user 
is authenticated concerning the established link. 
20 An NCP (Network Control Protocol) packet is 

then transmitted, and IP address distribution processing 
and the like for data transfer to an upper layer are 
performed on the basis of this NCP packet. Whether a 
given packet is an NCP packet is determined depending on 
25 whether the value in the protocol field in the PPP 
packet is 8021. 

Transfer of an IP packet in which user packet 
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data is inserted is started on the basis of the IP 
address distributed to the established and authenticated 
link afterward. The above description is based on the 
IETF (Internet Engineering Task Force) Documents RFC 
1161/1162/1332. 

As a frame format used for PPP processing, an 
HDLC (High Data Link Control Procedure) frame 
configuration is used. A 32-bit protocol field is added 
first to the payload of this frame configuration, and 
then an IP packet is inserted as packet data in the 
configuration, thereby forming an overall PPP packet. 

The above link establishment processing will 
be described in detail to some extent. 

A link protocol for performing link 
establishment processing before transmission of an IP 
packet is subordinate to the IP layer (Fig. 20). 

As shown in Fig. 22, in link establishment 
processing, when an Internet access request is generated, 
control on the link unusing phase advances to the link 
establishment phase and moves to the authentication 
phase. The processing so far corresponds to LCP setting 
in Fig. 23. 

When the processing in the authentication 
phase is properly performed, control is transferred to 
the NCP phase to perform the above IP address 
distribution processing and the like. With this 
operation, a link is established. This processing 



corresponds to NCP setting in Fig. 23. 

After this link establishment processing, 
transfer of the above IP packet is started. The IP 
packet is contained in a PPP packet, and the resultant 
PPP packet is transmitted. With this operation, the IP 
packet is transmitted. Whether the PPP packet is a PPP 
data packet is determined depending on whether the value 
in the protocol field is 0021. 

As described above, in both link establishment 
and IP packet transmission, each PPP packet to be 
transmitted is created upon addition of a PPP header 
thereto on the PPP layer of the ATU-R 201. In addition, 
this packet is formed into an ATM cell on the AAL5 (ATM 
Adaptation Layer Type 5) layer and transmitted to the 
DSLAM 30m through the PHY layer (Fig. 20). 

The DSLAM 30m which receives the ATM cell also 
performs predetermined processing, on the ATML5 layer, 
for the ATM cell input through the PHY layer. Similar 
processing is performed in the ATM SW 40n and PPP 
termination apparatus 501 (Fig. 20). 

If, therefore, an overall access network 
system is formed by using the AAL5 layer (Fig. 20), 
since the PPP frame whose ATM cell has been subjected 
frame header addition processing (PPP Encapsulation) is 
transmitted, SAR (Segmentation and Reassembly Sublayer) 
on the AAL5 layer must be performed first to terminate 
PPP. With this SAR processing, an original PPP frame is 



reassembled or processing for link establishment is 
performed by the CPU of the PPP termination apparatus 
501. After link establishment, the subscriber can 
transfer the IP packet to a backbone network 601. 
5 The following problems, however, arise in the 

prior art described above. 

In the prior art, as described above, an 
apparatus (the PPP termination apparatus 501 in Fig. 19) 
which discriminates each subscriber who tries to access 

10 the Internet and has a function for ATM processing must 
be installed at an entrance to the backbone network 601. 
Such an apparatus must be added every time the number of 
subscribers increases. In addition, the PPP termination 
apparatus 501 is often installed near the backbone 

15 network 601 to which packets from many subscribers are 
sent upon multiplexing. 

According to the access network system like 
the one shown in Fig. 19, since the overall access 
network system is formed by using the AAL5 layer, the 

20 overall system inevitably becomes complicated. 

As the number of subscribers who access the 
Internet increases, an apparatus for performing PPP 
processing as processing indispensable to connection of 
the subscribers to the backbone network of the Internet 

25 must be added. Such an apparatus may be installed in a 
place as near to the subscribers as possible, i.e., in 
an apparatus for providing Internet services (e.g., the 
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ATM SW 40n in Fig. 19). In this case, it is required to 
avoid complication of PPP, complication of its system, 
complication of a management system for the system, and 
the like. 

Summary of the Invention 

The present invention has been made in 
consideration of the above situation, and has as its 
object to provide a multiplexing method and apparatus, 
demultiplexing method and apparatus, access network 
system, subscriber multiplexing/demultiplexing apparatus, 
and protocol termination apparatus which can multiplex 
PPP packets on the basis of MAC addresses and the like, 
demultiplex the packets on the basis of MAC or IP 
addresses, and simplify an arrangement for PPP 
processing by using these multiplexing and 
demultiplexing processes. 

In order to achieve the above object, 
according to the present invention, there is provided a 
multiplexing method of multiplexing communication 
signals from communication signal transmitting sections 
and transmitting a multiplexed signal to a multiplexed 
signal receiving section, comprising the steps of adding, 
to each of the communication signals, an identification 
address preassigned to a predetermined signal 
identifying section through which a communication signal 
passes in a multiplexing system including the 
communication signal transmitting section and the 



multiplexed signal receiving section and outputting each 
of the communication signals, extracting the 
identification address from each output signal, and 
multiplexing the respective communication signals on the 
basis of the extracted identification addresses. 
Brief Descripti on of th e Drawings 

Fig. 1 is a block diagram showing the 
electrical arrangement of an access network system 
according to the first embodiment of the present 
invention; 

Fig. 2 is a block diagram showing the flow of 
a PPP control packet in the detailed arrangement of the 
access network system; 

Fig. 3 is a block diagram showing the flow of 
a PPP data packet in the detailed arrangement of the 
access network system; 

Fig. 4 is a block diagram showing an example 
of how MAC addresses are assigned to the subscriber 
apparatus, subscriber multiplexing/demultiplexing 
apparatus, and access gateway shown in Figs. 2 and 3; 

Fig. 5 is a view showing a protocol stack; 

Fig. 6 is a block diagram schematically 
showing the functions of the ADSL/VDSL interface block, 
multiplexing clock, and Ethernet/IEEE 802.3 interface 
block shown in Fig. 2; 

Fig. 7 is a view showing the process of upward 
multiplexing in the subscriber 



multiplexing/demultiplexing apparatus ; 

Fig. 8 is a block diagram schematically 
showing the functions of the Ethernet/IEEE 802.3 
interface block, demultiplexing block, and ADSL/VDSL 
5 interface block shown in Fig. 2; 

Fig. 9 is a view showing the process of 
downward multiplexing in the subscriber 
multiplexing/demultiplexing apparatus ; 

Fig. 10 is a schematic view showing how queue 
10 write and queue read in the upward direction are 

performed in the packet switch module shown in Figs. 2 
and 3; 

Fig. 11 is a schematic view showing how queue 
write and queue read in the downward direction are 
15 performed in the packet switch module shown in Figs. 2 
and 3; 

Figs. 12A and 12B are views respectively 
showing the format of a PPP packet and the format of an 
Ethernet /IEEE 802.3 frame; 
20 Fig. 13 is a view showing the difference 

between the format of an Ethernet frame and the format 
of an IEEE 802.3 frame; 

Fig. 14 is a view showing the format of an IP 

packet ; 

25 Fig. 15 is a block diagram showing the 

electrooptical arrangement of an access network system 
according to the second embodiment of the present 
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invention; 

Fig. 16 is a block diagram showing the 
detailed arrangement of the access network system; 

Figs. 17A and 17B are views respectively 
5 showing the format of a PPP packet and the format of a 
PPP packet in PPP packet; 

Fig. 18 is a view showing the format of an 
SDH /SONET frame; 

Fig. 19 is a block diagram showing the 
10 electrical arrangement of a conventional access network 
system; 

Fig. 20 is a view showing a conventional 
protocol stack; 

Fig. 21 is a view showing the contents of 
15 packet data in correspondence with the values of 
protocol fields in PPP packets; 

Fig. 22 is a view showing PPP link processing; 

and 

Fig. 23 is a view showing a PPP processing 

20 sequence. 

D escription of the Preferred Emboli man ts 

The present invention will be described in 

detail below with reference to the accompanying drawings . 

O First Embodiment 
25 An access network system 10 according to this 

embodiment is a system for performing PPP processing by 

using the MAC layer and roughly comprised of a 
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subscriber apparatus (ATUU-R) 2nm, subscriber 
multiplexing/demultiplexing apparatus (DSLAM) 4n, and an 
access gateway (AG) 61, as shown in Fig. 1. A personal 
computer lnml is connected to the subscriber apparatus 
5 2nm of this system and designed as a whole such that 

Internet communication can be performed by connecting a 
backbone network 81 to the access gateway 61 through a 
POS OC-12C interface 71. POS of the POS OC-12C 
interface 71 is an abbreviation for packet over 

10 SDH/SONET (Synchronous Digital Dierachy/ Synchronous 

Optical Network), and OC-12 stands for a communication 
speed, which is 620 Mb/s. 

Note that n of reference numeral 4n of the 
DSLAM 4n indicates that a predetermined number of 

15 subscriber multiplexing/demultiplexing apparatuses, i.e., 
1 to N subscriber multiplexing/demultiplexing 
apparatuses, are connected to the access gateway 61. 

In addition, m of reference numeral 2nm of the 
subscriber apparatus 2nm indicates that a predetermined 

20 number of subscriber apparatuses, i.e., 1 to M 

subscriber apparatuses, which is equal to or different 
from n, are connected to the subscriber 

multiplexing/demultiplexing apparatuses 4n, respectively. 

Furthermore, 1 of reference numeral lnml of 
25 the personal computer lnml indicates that a 

predetermined number of personal computers, i.e., 1 to 1 
personal computers, which is equal to or different from 
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m, are connected to the subscriber apparatuses 2nm, 
respectively. Fig. 14 shows the format of an IP packet. 
The abbreviations in Fig. 14 are known notations. 

The personal computer lnml is an Internet 
terminal apparatus, which designed to output an IP 
(Internet Protocol) packet to the subscriber apparatus 
ATU (Address Transformation Unit)-R 2nm. 

The subscriber apparatus 2nm adds a PPP 
( Point- to-Point Protocol) header (PPP of ATUU-R in 
Fig. 5) to the IP packet transmitted from the personal 
computer lnml, and then adds the frame header of an 
Ethernet/IEEE 802.3 frame (MAC of ATUU-R in Fig. 5) to 
form an Ethernet /IEEE 802.3 frame packet. In this case, 
the Ethernet/IEEE 802.3 frame is a frame on which the 
PPP packet formed by adding a PPP header to an IP packet 
is set. This frame may be an Ethernet frame or IEEE 
802.3 frame. Fig. 13 shows the formats of an Ethernet 
frame and IEEE 802.3 frame. The abbreviations in 
Fig. 13 are known notations. 

The subscriber apparatus 2nm performs analog 
modulation of a signal on which an Ethernet/IEEE 802.3 
frame packet having the frame header of an Ethernet/ IEEE 
802.3 frame added thereto is carried. With this 
operation, the signal is converted into a 100-Kb/s 
ADSL/VDSL signal and output. In this case, the 
ADSL/VDSL signal has a signal form used for the 
transmission of an Ethernet/IEEE 802.3 frame packet. 
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This indicates that either an ADSL signal or a VDSL 
signal may be used. 

The above frame header contains a MAC address. 
This MAC address includes a source identification 
address (SRC MAC Address) (the identification address of 
a predetermined identification section through which a 
communication signal passes in the multiplex system) at 
which a signal is output from the subscriber apparatus 
2nm, and a predetermined destination identification 
address (DSC MAC Address) (the identification address of 
a signal identification section through which a 
communication signal passes in the multiplex system) at 
which a signal is input the subscriber 

multiplexing/demultiplexing apparatuses 4n. As a source 
identification address and destination identification 
address, the addresses of apparatuses from/to which 
signals are output/input or the addresses of the ports 
of apparatuses from/ to which signals are output /input 
are used. These apparatuses or ports themselves 
correspond to the above signal identification section. 

An example of how a MAC address is added will 
be described below with reference to Fig. 4. 

As shown in Fig. 4, as the MAC address (DST 
MAC Address/SRC MAC Address) to be added to the 
Ethernet/IEEE 802.3 frame output from the subscriber 
apparatus 2nm to the subscriber 

multiplexing/demultiplexing apparatus 4n, 2011/1021 is 
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used. 2011 is a destination identification address for 
identifying the input port of the subscriber 
multiplexing/demultiplexing apparatus 4n, and 1021 is a 
source identification address for identifying the 
subscriber apparatus 2nm. 

Since each port (ADSL/ VDSL interface 3nmU) 
directed from the subscriber multiplexing/demultiplexing 
apparatus 4n to a corresponding one of subscriber 
apparatuses 2nm is connected to the subscriber apparatus 
2nm in a one-to-one correspondence with each other, 
either 2011 or 1021 may be used as a MAC address. Since 
a subscriber is specified in the subscriber 
multiplexing/demultiplexing apparatus 4n, either of 
these addresses can be selectively used as a MAC address 
in the subscriber multiplexing/demultiplexing apparatus 
4n. 

The subscriber multiplexing/demultiplexing 
apparatuses 4n is comprised of an ADSL/VDSL interface 
block 4nl, multiplexing block 4n2, Ethernet /IEEE 802.3 
interface block 4n3, Ethernet/IEEE 802.3 interface block 
4n4, demultiplexing block 4n5, and ADSL/VDSL interface 
4n6. In this case, the "ADSL/VDSL interface block" 
indicates that either an ADSL interface block or an VDSL 
interface block is used depending on whether an ADSL 
interface or a VDSL interface is used as an interface 
between the subscriber apparatus 2nm and the subscriber 
multiplexing/demultiplexing apparatuses 4n. In this 
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case, the "Ethernet/IEEE 802.3 interface block" 
indicates that either an Ethernet interface block or an 
IEEE 802.3 interface block is used depending on whether 
an Ethernet interface or an IEEE 802.3 interface is used 
as an interface between the subscriber 
multiplexing/demultiplexing apparatuses 4n and the 
access gateway 61. 

The access gateway 61 is comprised of an 
Ethernet/IEEE 802.3 interface block 6nU, packet switch 
module 611, POS OC-12C interface block 612, POS OC-12C 
interface block 613, CPU board 614A, and Ethernet/IEEE 
802.3 interface block 6nD. In this case, the 
"Ethernet/IEEE 802.3 interface block" indicates that 
either an Ethernet interface block or an IEEE 802.3 
interface block is used depending on whether an Ethernet 
interface or an IEEE 802.3 interface is used as an 
interface between the subscriber 

multiplexing/demultiplexing apparatuses 4n and the 
access gateway 61. 

The constituent elements of the subscriber 
multiplexing/demultiplexing apparatuses 4n will be 
described in detail first. 

The ADSL/VDSL interface block 4nl is provided 
for each subscriber and executes an interface function 
with respect to an ADSL/VDSL signal input from the 
subscriber apparatus 2nm for a corresponding subscriber. 
That is, the ADSL/VDSL interface block 4nl extracts an 
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Ethernet/IEEE 802.3 frame packet and the MAC address 
added to the packet from a received ADSL/VDSL signal, 
and transfers the extracted Ethernet/IEEE 802.3 frame 
packet and MAC address to the multiplexing block 4n2 . 
5 The multiplexing block 4n2 multiplexes the 

Ethernet/IEEE 802.3 frame packets input from the 
respective ADSL/VDSL interface blocks 4nl by using a 
plurality of FIFOs. This multiplexing is performed on 
the basis of input MAC addresses. 

10 The Ethernet/IEEE 802.3 interface block 4n3 

executes an interface function between the subscriber 
multiplexing/demultiplexing apparatuses 4n and the 
access gateway 61. That is, the Ethernet/IEEE 802.3 
interface block 4n3 converts a multiplexed Ethernet/IEEE 

15 802.3 frame packet into an Ethernet/IEEE 802.3 signal 
and outputs it onto an Ethernet/IEEE 802.3 interface 
block 5nU. 

The Ethernet/IEEE 802.3 interface block 4n4 
executes an interface function between the access 

20 gateway 61 and the subscriber 

multiplexing/demultiplexing apparatuses 4n. That is, 
the Ethernet/IEEE 802.3 interface block 4n4 receives the 
Ethernet/IEEE 802.3 signal output from the Ethernet/IEEE 
802.3 interface block 6nD of the access gateway 61, 

25 extracts an Ethernet/IEEE 802.3 frame packet and MAC 

address, and transfers the extracted Ethernet/IEEE 802.3 
frame packet and MAC address to the demultiplexing block 
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4n5. 

The demultiplexing block 4n5 demultiplexes the 
Ethernet/IEEE 802.3 frame packet transferred from the 
Ethernet/IEEE 802.3 interface block 4n4 by using a 
5 plurality of FIFOs. This demultiplexing is performed on 
the basis of an input MAC address. 

The ADSL/VDSL interface 4n6 is provided for 
each subscriber apparatus 2nm and executes an interface 
function with respect to each Ethernet/IEEE 802.3 frame 

10 packet demultiplexed by the demultiplexing block 4n5 for 
a corresponding subscriber. That is, the ADSL/VDSL 
interface 4n6 converts each demultiplexed Ethernet/IEEE 
802.3 frame packet into an ADSL/VDSL signal and 
transfers it to a corresponding subscriber apparatus. 

15 The respective constituent elements of the 

access gateway 61 will be described in detail next. 

The Ethernet/IEEE 802.3 interface block 6nU 
executes an interface function with respect to the 
Ethernet /IEEE 802.3 signal (the signal carrying an 

20 Ethernet /IEEE 802.3 frame packet) input from the 

subscriber multiplexing/demultiplexing apparatuses 4n 
through the Ethernet/IEEE 802.3 interface block 5nU. 
That is, the Ethernet/IEEE 802.3 interface block 6nU 
receives an Ethernet/IEEE 802.3 signal, extracts an 

25 Ethernet/IEEE 802.3 frame packet and an MAC address 
contained in the packet, and transfers the extracted 
Ethernet/IEEE 802.3 frame packet and the MAC address in 
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the packet to the packet switch module 611. 

The Ethernet/IEEE 802.3 interface block 6nU 
refers to the value indicated by the protocol field of a 
PPP packet in an extracted Ethernet/IEEE 802.3 frame 
5 packet and perform the first discrimination, i.e., 
discriminating the PPP packet extracted from the 
Ethernet/IEEE 802.3 signal as a PPP data packet if the 
value is "0021", and the second discrimination, i.e., 
discriminating the PPP packet extracted from the 

10 Ethernet/IEEE 802.3 signal as a PPP control packet if 

the value is "8021" or "c021" . The Ethernet/IEEE 802.3 
interface block 6nU then supplies the discrimination 
result to the packet switch module 611. 

The packet switch module 611 performs 

15 switching with respect to Ethernet/IEEE 802.3 frame 
packets on the basis of the MAC addresses and 
discrimination results transferred from the 
Ethernet/IEEE 802.3 interface block 6nU, and also 
performs switching with respect to PPP packets on the 

20 basis of the IP addresses transferred from the POS 
OC-12C interface block 613. 

The POS OC-12C interface block 612 executes an 
interface function between the access gateway 61 and the 
backbone network 81. If the PPP packet in the 

25 Ethernet/IEEE 802.3 frame packet input to the packet 
switch module 611 is a PPP data packet, i.e., the 
discrimination result is the first discrimination, the 
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PPP packet (Fig. 17A) is output through the POS OC-12C 
interface block 612. In this case, the PPP packet is 
subjected PPP termination processing, and the PPP packet 
having undergone the PPP termination processing is 
5 converted into a PPP packet in PPP packet (Fig. 17B 
shows its frame). The PPP packet in PPP packet is 
electrooptically converted into a POS signal (POS OC-12c 
signal) in the SDH/SONET frame form shown in Fig. 18. 
This signal is then transmitted to the backbone network 

10 81 through the POS OC-12C interface 71. 

The POS OC-12C interface block 613 executes an 
interface function with respect to the POS signal 
received from the backbone network 81 through the POS 
OC-12C interface 71. That is, the POS OC-12C interface 

15 block 613 performs PPP termination processing (PPP 

termination processing between the backbone network 81 
and the access gateway 61) with respect to a POS signal, 
i.e., extracts a PPP packet from the POS signal and adds 
a protocol field to the PPP packet (sets the value of 

20 the protocol field to 0021) to form a PPP packet. With 
this PPP termination processing, the POS signal is 
formed into a PPP packet and transferred to the packet 
switch module 611. 

The CPU board 614A performs transfer 

25 processing for the PPP control packet shown in Figs. 22 
and 23 under program control on the basis of the second 
discrimination, and transfers the PPP control packet for 
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necessary PPP processing between the CPU board 614A of 
the access gateway 61 and the subscriber apparatus 2nm. 

The Ethernet/IEEE 802.3 interface block 6nD 
receives the Ethernet/IEEE 802.3 frame packet or PPP 
packet switched by the packet switch module 611, and 
adds the frame header (containing a MAC address) of the 
Ethernet/IEEE 802.3 frame. The Ethernet/IEEE 802.3 
interface block 6nD then converts the Ethernet/ IEEE 
802.3 frame packet into an Ethernet/IEEE 802.3 signal, 
and outputs it onto an Ethernet/IEEE 802.3 interface 5nD. 

The MAC address to be added includes a source 
identification address (SRC MAC Address) (the 
identification address of an identification section 
through which a communication signal passes in the 
multiplex system) at which a signal is output from the 
access gateway 61, and a destination identification 
address (DSC MAC Address) (the identification address of 
a signal identification section through which a 
communication signal passes in the multiplex system) at 
which a signal is input to the subscriber 
multiplexing/demultiplexing apparatuses 4n. As a source 
identification address and destination identification 
address, the addresses of apparatuses from/to which 
signals are output/input or the addresses of the ports 
of apparatuses from/to which signals are output/input 
are used. 

An example of how a MAC address is added in 
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the Ethernet/IEEE 802.3 interface block 6nD will be 
describe below with reference to Fig. 4. 

As shown in Fig. 4, as the MAC address (DST 
MAC Address /SRC MAC Address) to be added to the 
5 Ethernet/IEEE 802.3 frame output from the access gateway 
61 to the subscriber multiplexing/demultiplexing 
apparatuses 4n, 2011/3011 is added. 2011 is the address 
of an output port directed from the subscriber 
multiplexing/demultiplexing apparatuses 4n to the 
10 subscriber apparatus 2nm, and 3011 is the address of the 
output port of the access gateway 61 directed from the 
access gateway 61 to the subscriber 
multiplexing/demultiplexing apparatuses 4n as a 
destination. 

15 The operation of this embodiment will be 

described next with reference to Figs. 1 to 14. 

Transmission of an IP packet from the 

subscriber (personal computer lnml) side to the backbone 

network 81 side will be described first. 
20 When the personal computer lnml tries to 

access the Internet, the computer transmits an IP packet 

to the subscriber apparatus 2nm. 

Upon reception of this IP packet, the 

subscriber apparatus 2nm adds a PPP header to the 
25 received IP packet (IP and PPP of ATUU-R in Fig. 5), and 

then adds the frame header of an Ethernet/IEEE 802.3 

frame (Fig. 12) (MAC of ATUU-R in Fig. 5). The 
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subscriber apparatus 2nm performs analog modulation with 
respect to the Ethernet/IEEE 802.3 frame packet to which 
the frame header of the Ethernet/IEEE 802.3 frame is 
added to convert it into a 100-kb/s ADSL /VDSL signal, 
5 and transmits it to the subscriber 

multiplexing/demultiplexing apparatuses 4n. 

The ADSL/VDSL signal transmitted from the 
subscriber apparatus 2nm through the ADSL/VDSL interface 
3nmU is received by the corresponding ADSL/VDSL 

10 interface block 4nl of the subscriber 

multiplexing/demultiplexing apparatuses 4n. The 
ADSL/VDSL interface block 4nl extracts an Ethernet/IEEE 
802.3 frame packet and an MAC address in the packet from 
the ADSL/VDSL signal. The extracted Ethernet/IEEE 802.3 

15 frame packet is written in a corresponding FIFO of the 

FIFOs equal in number to subscriber lines (the number of 
ADSL/VDSL interfaces 3nmU) (M) constituting the 
multiplexing block 4n2 on the basis of the extracted MAC 
(the MAC of the DSLAM in Fig. 5). 

20 The Ethernet/IEEE 802.3 frame packet 

transmitted over an ADSL/VDSL signal on each ADSL/VDSL 
interface 3nmU is written in a FIFO of the M FIFOs of 
the multiplexing block 4n2 which corresponds to the 
input Ethernet/IEEE 802.3 frame packet upon referring to 

25 the byte count of the IP packet indicated by the byte 
count field (length field) (the field located between 
the third and fourth bytes of the IP packet) in the PPP 
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packet contained in the packet. 

Packets are multiplexed by writing 
Ethernet/IEEE 802.3 frame packets in the M FIFOs and 
reading out Ethernet/IEEE 802.3 frame packets from the 
5 first FIFO to the Nth FIFO of the M FIFOs in the order 
named. 

An example of multiplexing will be described 

below. 

For example, as shown in Fig. 4, the 

10 Ethernet/IEEE 802.3 frame packet (2nm in Figs. 6 and 7) 
in the ADSL/VDSL signal transmitted from the subscriber 
apparatus 2nm through the ADSL/VDSL interface 3nmU 
having a throughput of about several 100 kb/s has 1021 
as the source identification address of a MAC address, 

15 and 2011 as a destination identification address (1021 
is the address of the subscriber apparatus 2nm, and 2011 
is the address of the corresponding input port of the 
subscriber multiplexing/demultiplexing apparatuses 4n) . 
This Ethernet/IEEE 802.3 frame packet is designated by a 

20 source identification address and input to a FIFO 4n2m 
(Fig. 7) storing a packet queue to be written therein. 

Write operation similar to this write 
operation is also performed for the respective 
Ethernet/IEEE 802.3 frame packets input from other 

25 subscriber apparatuses 2nl, 2n2,..., 2n(m-l), 2n(m+l), 
2n(m+2),..., 2nM. The FIFOs used for the respective 
Ethernet/IEEE 802.3 frame packets are a FIFO 4n21, FIFO 



- 23 - 



4n22,..., FIFO 4n2(m-l), FIFO 4n2(m+l), FIFO 4n2(m+2), 
and FIFO 4n2M. 

After this write operation, read operation is 
performed with respect to the FIFO 4n21, FIFO 4n22,..., 
5 FIFO 4n2M in the order named. 

With the above write and read operations, 
Ethernet/IEEE 802.3 frame packets are multiplexed. In 
this case, the Ethernet /IEEE 802.3 frame packet to which 
the address of the corresponding input port of the 

10 subscriber multiplexing/demultiplexing apparatuses 4n or 
the address of the subscriber apparatus 2nm is added as 
a MAC address for identifying the subscriber is read out 
from the subscriber multiplexing/demultiplexing 
apparatuses 4n at a throughput of 10 Mb/s and 

15 multiplexed. The multiplexed Ethernet/IEEE 802.3 signal 
is then transmitted from the Ethernet/IEEE 802.3 
interface block 4n3 to the access gateway 61 through the 
Ethernet/IEEE 802.3 interface block 5nU. 

At the access gateway 61, the Ethernet/IEEE 

20 802.3 frame packet and its MAC address which are 

transmitted over an Ethernet/IEEE 802.3 signal in the 
Ethernet/IEEE 802.3 frame form are extracted. In 
addition, the Ethernet/IEEE 802.3 interface block 6nU 
discriminates a PPP packet in the packet is a PPP 

25 control packet or a PPP data packet. 

This discrimination is performed on the basis 
of the value of a protocol field (Fig. 21) of the input 
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PPP packet. 

If the input PPP packet is a PPP control 
packet, i.e., the value of the protocol field of the 
input PPP packet is c021 or 8021, the Ethernet/IEEE 
5 802.3 frame packet is stored as one of queues 6111 to 
611M (Fig. 10) in a memory (not shown) in the packet 
switch module 611 for each subscriber apparatus on the 
basis of the MAC address. Thereafter, the PPP control 
packet of the Ethernet/IEEE 802.3 frame is transferred 

10 to the CPU board 614A. That is, the packet is switched 
by the packet switch module 611 (MAC of AG in Fig. 15), 
and a CPU board 614 transfers a PPP control packet for 
PPP processing required between the CPU board 614 and 
the subscriber apparatus 2nm, as shown in Fig. 2, 

15 thereby performing the processing shown in Figs. 22 and 
23. This processing itself is known link establishment 
processing. 

This operation will be briefly described below. 
When a PPP control packet is transferred 
20 between the CPU board 614 and the subscriber apparatus 
2nm, the control information of the PPP control packet 
is exchanged between them. With this operation, a 
series of operations, e.g., authentication, accounting, 
band allocation, and minimum delay processing (assurance 
25 of Qos), is complete at the access gateway 61. 

At the access gateway 61, in performing PPP 
processing for each subscriber, as a PPP control packet 
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to the transferred, an LCP packet is transferred first, 
and then an NCP packet is transferred (Fig. 23). With 
this operation, PPP processing is performed. 

When a link is established between the 
5 personal computer lnml and the access gateway 61 in this 
manner, IP data is output from the personal computer 
lnml. The output IP data is formed into an 
Ethernet/IEEE 802.3 frame packet and transmitted to the 
access gateway 61 through the subscriber apparatus 2nm 

10 and subscriber multiplexing/demultiplexing apparatuses 
4n in the above manner. 

Whether the PPP packet in this Ethernet/ IEEE 
802.3 frame packet is a PPP data packet or not is 
determined depending on whether the value of the 

15 protocol field of the input PPP packet indicates 0021 or 
not (Fig. 21). In this case as well, the PPP data 
packet is stored as one of the queues 6111 to 611M 
(Fig. 10) in the memory (not shown) in the packet switch 
module 611 on the basis of the MAC address. Thereafter, 

20 the PPP header added by the subscriber apparatus 2nm for 
PPP processing required between the subscriber apparatus 
2nm, which has transmitted the PPP data packet, and the 
access gateway 61 is removed from each PPP data packet 
by the POS OC-12C interface block 612. A new PPP header 

25 for POS is added to the PPP packet from which the PPP 
head has been removed. 

The frame (Fig. 17B) to which the new PPP 
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header is added is transmitted over a 620-Mb/s POS 
signal (Fig. 18) (POS OC-12c signal) in the SDH/SONET 
frame form from the POS 0C-12C interface block 612 to 
the backbone network 81 through the POS 0C-12C interface 
5 71. 

Transmission of an IP packet from the backbone 
network 81 side to the subscriber (personal computer 
lnml) side will be described next. 

In transferring an IP packet downward from the 

10 backbone network 81, a 620-Mb/s POS signal (Fig. 18) in 
the SDH/ SONET frame form, which carries a packet 
(Fig. 17B) of a PPP packet in PPP packet frame 
containing the PPP packet obtained by performing PPP 
header addition processing (PPP Encapsulation) (mapping) 

15 with respect to the IP packet in the backbone network 81, 
is transmitted to the access gateway 61 through the POS 
OC-12C interface 71. 

In the POS 0C-12C interface block 613 which 
receives the packet of the PPP packet in PPP packet 

20 frame carried on the POS signal, PPP processing between 
the backbone network and the AG is performed. In the 
PPP processing between the backbone network and the AG, 
for example, a maximum packet length: MTU (Maximum 
Transfer Unit) size of packets to be exchanged between 

25 the backbone network and the AG is determined. In the 
PPP processing, the PPP header of the PPP packet in the 
packet of the PPP packet in PPP packet frame is removed. 
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After the PPP processing between the backbone 
network and the AG, 0021 is added as the value of a 
protocol field for PPP processing for transfer to a 
subscriber to the PPP packet, and the PPP packet and the 
5 IP address of the PPP packet are output from the POS 
OC-12C interface block 613 to the packet switch module 
611. 

Any PPP packet transferred to the packet 
switch module 611 is written in the form of a queue in 

10 the memory on a subscriber basis on the basis of the IP 
address (Fig. 11). The written queues 6111 to 611M are 
respectively assigned priorities. For example, 
referring to Fig. 11, the highest priority is assigned 
to the queue 611m to be sent to the subscriber apparatus 

15 2nm, and lower priorities are assigned to the remaining 
queues 6111, 6112,..., 611n(m-l), 611(m+l), 611(m+2),... 
611M. 

The queue 611m to which the highest priority 
is assigned, therefore, is performed preferentially as 
20 compared with the PPP packets in the remaining queues. 
For this reason, a delay of the PPP packet written in 
the queue 611m is output to the Ethernet /IEEE 802.3 
interface block 6nD after a lapse of a minimum delay 
time . 

25 In transmission of such a PPP packet, if a 

band to be secured is 6 Mb/s, traffic shaping (packet 
fragmentation) is performed to set the maximum band to 6 
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Mb/s. 

In the packet switch module 611, packet 
switching of the PPP packet is performed, and the packet 
is transferred from the packet switch module 611 to the 
5 Ethernet/IEEE 802.3 interface block 6nD. 

The Ethernet/IEEE 802.3 interface block 6nD 
adds the MAC address of each subscriber (MAC of AG in 
Fig. 5) to the packet to convert it into an 
Ethernet/IEEE 802.3 signal in the Ethernet/IEEE 802.3 
10 frame form. This signal is transmitted to the 

subscriber multiplexing/demultiplexing apparatuses 4n. 

The Ethernet/IEEE 802.3 signal is received by 
the Ethernet/IEEE 802.3 interface block 4n4 of the 
subscriber multiplexing/demultiplexing apparatuses 4n. 
15 The Ethernet/IEEE 802.3 interface block 4n4 outputs an 
Ethernet/IEEE 802.3 frame packet and its MAC address 
from the Ethernet/IEEE 802.3 signal. 

The Ethernet/IEEE 802.3 frame packet and MAC 
address output from the Ethernet/IEEE 802.3 interface 
20 block 4n4 are supplied to the demultiplexing block 4n5. 
In a plurality of FIFOs of the demultiplexing block 4n5, 
the Ethernet/IEEE 802.3 frame packet is demultiplexed on 
the basis of the MAC address (MAC of DSLAM in Fig. 5). 
For this demultiplexing, for example, the Ethernet /IEEE 
25 802.3 frame packet to be transmitted to the subscriber 
apparatus 2nm is written in a corresponding FIFO 4n5m. 

Each of these FIFOs 4n51 to 4n5M has a storage 
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capacity large enough to satisfy QoS in association with 
the throughput of the ADSL/VDSL interface 3nmU and the 
write and read speeds of each FIFO. Even if the packet 
length increases to exceed the storage capacity of each 
5 FIFO, since the packet is transmitted upon fragmentation 
by traffic shaping in the access gateway 61, no FIFO 
overflows . 

Each of the packets stored in the queue form 
in the FIFOs is read out from each FIFO, and the signal 

10 is converted into a VDSL/ADSL signal carrying the 
Ethernet/IEEE 802.3 frame packet in the ADSL/VDSL 
interface 4n6. This VDSL/ADSL signal is then 
transmitted to the subscriber apparatus 2nm. The 
subscriber apparatus 2nm reconstructs the IP packet (MAC 

15 of ATUU-R in Fig. 5) by removing the frame header of the 
Ethernet/IEEE 802.3 frame and the PPP header as header 
information in the received VDSL /ADSL signal. This IP 
packet is transmitted from the subscriber apparatus 2nm 
to the personal computer lnml. 

20 As described above, according to the 

arrangement of this example, the subscriber 
multiplexing/demultiplexing apparatuses 4n can multiplex 
Ethernet/IEEE 802.3 frame packets from the respective 
subscriber apparatuses 2nm on the basis of the MAC 

25 addresses, output the resultant signal as an 
Ethernet /IEEE 802.3 signal, and output each 
Ethernet/IEEE 802.3 frame packet in the Ethernet/IEEE 
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802.3 signal. The subscriber 

multiplexing/demultiplexing apparatuses 4n can also 
demultiplex an Ethernet/IEEE 802.3 frame packet from the 
access gateway 61 on the basis of the MAC address. 
5 In addition, processing in each subscriber 

apparatus 2nm, each subscriber 

multiplexing/demultiplexing apparatuses 4n, and access 
gateway 61 can be performed by using MAC addresses, and 
the AAL5 layer required in the prior art is not required. 

10 This makes it possible to eliminate the necessity of an 
ATM switch in the prior art and simplify the system 
arrangement . 

Under this system simplification, QoS of each 
subscriber can be ensured. 

15 O Second Embodiment 

Fig. 15 shows the electrooptical arrangement 
of an access network system according to the second 
embodiment of the present invention. Fig. 16 shows the 
detailed arrangement of the access network system. 

20 Fig. 17 shows the format of a PPP packet and the format 
of a PPP packet in PPP packet. Fig. 18 shows the format 
of an SDH/ SONET frame. 

The arrangement of this embodiment greatly 
differs from that of the first embodiment in that the 

25 subscriber multiplexing/demultiplexing apparatus and 

access gateway in the first embodiment are connected to 
each other through a POS OC-3c interface, and the 
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subscriber multiplexing/demultiplexing apparatus and 
access gateway are changed in accordance with this 
change in arrangement . 

More specifically, an access network system 
5 10A is a system for performing PPP processing equivalent 
to the PPP processing performed by using the MAC layer 
in the first embodiment and is roughly comprised of a 
subscriber apparatus 2nm, subscriber 

multiplexing/demultiplexing apparatus 4nA, and access 

10 gateway 61A. 

The subscriber multiplexing/demultiplexing 
apparatus 4nA is connected to the access gateway 61A 
through a POS OC-3c interface 5nAU and POS OC-3c 
interface 5nAD. 

15 The subscriber multiplexing/demultiplexing 

apparatus 4An is comprised of an ADSL /VDSL interface 
block 4nl, multiplexing block 4n2 , POS OC-3c interface 
block 4n3A, POS OC-3c interface block 4n4A, 
demultiplexing block 4n5A, and ADSL/VDSL interface block 

20 4n6A. "OC-3c" of the POS OC-3c interface block 4n3A and 
POS OC-3c interface block 4n4A is a notation 
representing a communication speed, which is 155 Mb/s. 

The access gateway 61A includes a POS OC-3c 
interface block 6nUA, packet switch module 611A, POS 

25 OC-12c interface block 612, POS OC-12c interface block 

613, CPU board 614A, and POS OC-3c interface block 6nDA. 

The constituent elements of the subscriber 
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multiplexing/demultiplexing apparatus 4An will be 
described in detail first. 

The POS 0C-3c interface block 4n3A executes an 
interface function between the subscriber 
5 multiplexing/demultiplexing apparatus 4An and the access 
gateway 61A. More specifically, the POS 0C-3c interface 
block 4n3A converts a PPP packet in a multiplexed POS 
OC-3c frame packet into a POS signal (POS OC-3c signal) 
in the SDH/ SONET frame form containing a packet of a PPP 

10 packet in PPP packet frame, and outputs it onto the POS 
OC-3c interface 5nAU. 

The POS 0C-3c interface block 4n4A executes an 
interface function between the access gateway 61A and 
the subscriber multiplexing/demultiplexing apparatus 4An. 

15 More specifically, the POS OC-3c interface block 4n4A 
receives the POS signal output from the POS OC-3c 
interface block 6nDA of the access gateway 61A, extracts 
a PPP packet and IP address in each PPP packet in PPP 
packet , and transfers the PPP packet in the PPP packet 

20 in PPP packet and the IP address in the PPP packet to 
the demultiplexing block 4n5A. 

The demultiplexing block 4n5A demultiplexes 
the PPP packet transferred from the POS OC-3c interface 
block 4n4A by using a plurality of FIFOs . This 

25 demultiplexing is performed on the basis of the input IP 
address . 

The ADSL/VDSL interface block 4n6A is provided 
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for each subscriber apparatus 2nm, and executes an 
interface function for each PPP packet demultiplexed by 
the demultiplexing block 4n5A. More specifically, the 
ADSL/VDSL interface block 4n6A converts each 
5 demultiplexed PPP packet into an ADSL/VDSL signal in the 
Ethernet/IEEE 802.3 frame form, and transfers the 
ADSL/VDSL signal to a corresponding subscriber apparatus . 

The respective constituent elements of the 
access gateway 61A will be described next. 

10 The POS 0C-3c interface block 6nUA executes an 

interface function for the POS signal input from the 
subscriber multiplexing/demultiplexing apparatus 4An 
through the POS OC-3c interface 5nAU. More specifically, 
the POS OC-3c interface block 6nUA receives a POS signal, 

15 extracts a PPP packet in a PPP packet in PPP packet and 
an IP address in the PPP packet, and transfers the 
extracted PPP packet and the IP address in the PPP 
packet to the packet switch module 611A. 

The POS OC-3c interface block 6nUA refers to 

20 the value indicated by the protocol field of the 
extracted PPP packet and performs the first 
discrimination, i.e., discriminating the extracted PPP 
packet as a PPP data packet if the value is "0021", and 
the second discrimination, i.e., discriminating the 

25 extracted PPP packet as a PPP control packet if the 
value is "8021" or "c021". The POS OC-3c interface 
block 6nUA then supplies the discrimination result to 
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the packet switch module 611A. 

The packet switch module 611A performs 
switching with respect to PPP packets on the basis of 
the IP addresses and discrimination results transferred 
5 from the POS 0C-3c interface block 6nUA, and also 

performs switching with respect to PPP packets on the 
basis of the IP addresses transferred from the POS 
OC-12c interface block 613. 

The CPU board 614A performs transfer 

10 processing of a PPP control packet for the first PPP 
processing required between the CPU board 614A of the 
access gateway 61A and the subscriber apparatus 2nm, and 
transfer processing of a PPP control packet for the 
second PPP processing required between the CPU board 

15 614A of the access gateway 61A and the subscriber 

multiplexing/demultiplexing apparatus 4nA under program 
control (Figs. 22 and 23). 

The contents of the first PPP processing 
described are the same as those of the PPP processing 

20 executed between the CPU board 614 of the access gateway 
61 and the subscriber apparatus 2nm in the first 
embodiment . 

The contents of the second PPP processing are 
the same as those of the PPP processing executed between 
25 the backbone network 81 and the access gateway 61 in the 
first embodiment. In this processing, for example, a 
maximum packet length: MTU (Maximum Transfer Unit) size 
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of packets to be exchanged between the access gateway 
and the subscriber multiplexing/demultiplexing apparatus 
is determined. 

The POS 0C-3c interface block 6nDA receives 
5 the PPP packet switched by the packet switch module 611A, 
reassembles it into a PPP packet in PPP packet, converts 
it into a POS signal in the SDH/SONET form, and outputs 
it onto the POS 0C-3c interface 5nAD. 

The CPU board 614A of the access gateway 61A 
10 and the subscriber apparatus 2nm are configured as a 
whole to perform the first PPP processing. 

The CPU board 614A of the access gateway 61A 
and the subscriber multiplexing/demultiplexing apparatus 
4nA are configured as a whole to perform the second PPP 
15 processing. 

The arrangements of the respective sections in 
the second embodiment are the same as those in first 
embodiment except for these arrangements. For this 
reason, the same reference numerals as in the first 
20 embodiment denote the same parts in the second 

embodiment, and a description thereof will be omitted. 

The operation of this embodiment will be 
described next with reference to Figs. 15 to 18. 

The operation of this embodiment is the same 
25 as that of the first embodiment except for the following 
point . 

The PPP packet in each Ethernet/IEEE 802.3 
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frame packet multiplexed by the multiplexing block 4n2 
of the subscriber multiplexing/demultiplexing apparatus 
4nA is formed into a PPP packet in PPP packet (Fig. 17B) 
in the POS 0C-3c interface block 4n3A. This packet is 
then converted into a POS signal (POS 0C-3c signal) in 
the SDH/ SONET frame form and transmitted onto the POS 
0C-3c interface 5nAU. 

Upon reception of the POS signal through the 
POS OC-3c interface 5nAU, the POS OC-3c interface block 
6nUA extracts a PPP packet and IP address from the PPP 
packet in PPP packet . 

The POS 0C-3c interface block 6nUA also checks 
the contents of a protocol field in the extracted PPP 
packet to discriminate whether the PPP packet is a PPP 
data packet or PPP control packet. The POS OC-3c 
interface block 6nUA then transfers the PPP packet, IP 
address, and discrimination result to the packet switch 
module 611A. 

The discrimination result includes the first 
discrimination result indicating that the PPP packet is 
a PPP data packet, and the second discrimination result 
indicating that the PPP packet is a PPP control packet. 

Upon reception of the PPP packet, IP address, 
and first discrimination result, the packet switch 
module 611A switches the PPP packet to the POS OC-12c 
interface block 613 in accordance with the IP address as 
in the first embodiment. The POS OC-12c interface block 
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613 then transmits the POS signal in the SDH/ SONET frame 
form (Fig. 18) onto the POS OC-12C interface 71. 

Upon reception of the PPP packet, IP address, 
and second discrimination result, the packet switch 
5 module 611A switches the PPP packet to the CPU board 
614A in accordance with the IP address as in the first 
embodiment . 

The CPU board 614A performs transfer 
processing of a PPP control packet between the CPU board 

10 614A of the access gateway 61A and the subscriber 

apparatus 2nm shown in Figs. 22 and 23, and transfer 
processing of a PPP control packet between the CPU board 
614A of the access gateway 61A and the subscriber 
multiplexing/demultiplexing apparatus 4nA on the basis 

15 of the second discrimination under program control. The 
CPU board 614A then performs the first PPP processing 
required between the CPU board 614A of the access 
gateway 61A and the subscriber apparatus 2nm, and the 
second PPP processing required between the CPU board 

20 614A of the access gateway 61A and the subscriber 
multiplexing/demultiplexing apparatus 4nA. 

As in the first embodiment, the POS OC-12c 
interface block 613 extracts a PPP packet in a PPP 
packet in PPP packet and an IP address in the PPP packet 

25 from the POS signal in the SDH/SONET form transmitted 
from the backbone network 81 through the POS OC-12C 
interface 71, and transfers them to the packet switch 
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module 611A. The packet switch module 611A then 
performs switching based on the IP address and transfers 
the PPP packet to the POS OC-3c interface block 6nDA. 

The POS OC-3c interface block 6nDA converts 
the received PPP packet into a POS signal (POS OC-3c 
signal) in the SDH/SONET form, and transmits it onto a 
POS 0C-3c interface 5nA. 

Upon reception of the POS signal from the POS 
0C-3c interface 5nA, the POS OC-3c interface block 4n4A 
extracts a PPP packet and an IP address in the PPP 
packet from each PPP packet in PPP packet in the POS 
signal, and transfers them to the demultiplexing block 
4n5A. 

The demultiplexing block 4n5A demultiplexes 
each received PPP packet on the basis of the received IP 
address and transfers the packet to the ADSL/VDSL 
interface block 4n6A. 

The ADSL/ VDSL interface block 4n6A converts 
the PPP packet transferred from the demultiplexing block 
4n5A into an ADSL/VDSL signal in the Ethernet/IEEE 802.3 
frame form, and transmits the ADSL/VDSL signal to a 
corresponding subscriber apparatus 4nm. 

As described above, according to the 
arrangement of this embodiment, the subscriber 
multiplexing/demultiplexing apparatuses 4n can multiplex 
Ethernet/IEEE 802.3 frame packets from the respective 
subscriber apparatuses 2nm on the basis of MAC addresses 
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and transmit the resultant packet as a POS signal to the 
access gateway 61A. 

Each PPP packet in the POS signal transmitted 
from the access gateway 61A can be demultiplexed on the 
5 basis of the IP addresses. 

In addition, this embodiment is configured 
such that processing in each subscriber apparatus 2nm 
and multiplexing in the subscriber 
multiplexing/demultiplexing apparatus 4nA can be 

10 performed by using MAC addresses, and demultiplexing in 
the access gateway 61A and each subscriber 
multiplexing/demultiplexing apparatus 4nA can be 
performed by using IP addresses. This arrangement 
eliminates the necessity of the AAL5 layer which is 

15 required in the prior art. This makes it possible to 
eliminate the necessity of an ATM switch in the prior 
art and simplify the system arrangement . 

Under this system simplification, QoS of each 
subscriber can be ensured. 

20 The present invention has been described in 

detail above with reference to the accompanying drawings . 
However, the present invention is not limited to these 
embodiments, and the present invention incorporates a 
change in design and the like within the scope of the 

2 5 present invention. 

For example, the subscriber 
multiplexing/demultiplexing apparatuses 4n may multiplex 
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the PPP packets in Ethernet/IEEE 802.3 frame packets 
instead of the packets. With this change, the 
Ethernet/IEEE 802.3 interface blocks 4nl and 4n3 need to 
be changed. 
5 In addition, the subscriber 

multiplexing/demultiplexing apparatuses 4n and 4nA may 
perform multiplexing on the basis of the IP addresses of 
PPP packets. 

Furthermore, the present invention can be 

10 executed to convert the above packets into other 

communication signals and multiplex/demultiplex the 
communication signals. 

Multiplexing and demultiplexing in the 
subscriber multiplexing/demultiplexing apparatuses 4n 

15 and 4nA can be executed by systems other than the access 
network system. 

Moreover, the present invention can be 
executed even if a signal in a frame form other than the 
SDH/SONET frame form is used as a POS signal. 

20 As has been described above, according to the 

arrangement of the present invention, a plurality of 
communication signals can be multiplexed in accordance 
with identification addresses, and a multiplexed signal 
obtained by multiplexing a plurality of communication 

25 signals can be demultiplexed by using identification 
addresses . 

In addition, PPP packets and the like in a 



multiplexed signal obtained by multiplexing a plurality 
of PPP packets used for transmission/reception through 
the Internet can be demultiplexed by using the IP 
addresses of the PPP packets. 
5 Furthermore, any process in a plurality of 

subscriber apparatuses, a plurality of subscriber 
multiplexing/demultiplexing apparatuses, and access 
gateway in an access network system can be performed by 
using MAC addresses or IP addresses. This eliminates 

10 the necessity of the AAL5 layer required in the prior 
art, and hence no ATM switch in the prior art is 
required. This makes it possible to simplify the system 
arrangement . 

This effect can also be obtained when 

15 processing in a plurality of subscriber apparatuses and 
multiplexing in a plurality of subscriber 
multiplexing/demultiplexing apparatuses in an access 
network system can be performed by using MAC addresses, 
and demultiplexing in an access gateway and a plurality 

20 of subscriber multiplexing/demultiplexing apparatuses 
can be performed by using IP addresses. 

Under this system simplification, QoS of each 
subscriber can be ensured. 
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